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(54) Polymerizable pyrroles and thiophene$ 

(57) Compounds represerrted by the following formula: 




wherein Y represents NH or S; A represents hydrogen, a halogen atom or -(CHaWSR ; and B represents -(CHj )„- 
SR2, -R3-(S)p-R^ - ^\ -R5 -SR«,"(S)q- (J or -SR7 , 

where R\ R^, R^ and R^ each represent hydrogen, an alkyi group, an alkylcarbonyi group or an aryl group; 

R^ R^ and R^ each represent an alkylene group or an arylene group; m and n each independently represent 

an Integer of 0, 1, 2 or 3, provided that m and n are not 0 simultaneously; p and q each independently 

represent an integer of 0, 1 or 2; and Y' represents NH or S; 
and A and B may be combined to form -(CH2)m-S-S-(CH2)n', may be used for preparing electroconductive 
polymers and electrode active substances. 
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Novel Sulfnr^Containing Compound and Method for Pre paration of The Same 



This invention relates to novel sulfur-containing compounds, a method for preparation 
of the same, an electroconduaive polymer derived therefrom, a method for preparation 
of tlie same, and an electro active substance comprising the same. More specifically, 
this invention relates to novel sulfur-containing compounds which are available as 
intermediates for pharmaceutical and agrochemical active ingredients, oil/water additive, 
vulcanizer for a rubber or an industrial biodde, and a method for preparation of the 
same. 

There are many publications n-eaiing the miniaturization of batteries and for such 
purposes, conductive pol>'mers are drawing attention as new electro active substances. 
Among others, polypynrole and polyaniline are promising with their stable redox 
characieristic and excellent charge-discharge repetition property. Papers treating 
polypyrrole analogous as an electro active substance are many because pjirole 
monomers can readily be modified to provide polymers with various funcdonal 
properties. 

PolypjTTOle, however, tends to cause irreversible over oxidation during charging, by 
giving up one as usual or more electrons from 3 pyrrole monomers. In this point of 
view, polyaniline is preferred because, for the latter, one electron can be deducted per 
monomer unit, leading to a higher charge capacity than the former, as described in 
Japanese Patent Kokai Sho 62- 226568 as for polypyrrole and Japanese Patent Kokai 
2-638 as for polyaniline. 

Also, Japanese Patent Kokai Hei 4-155766 (28,5.92; Priority 2-280455 JP/ Oct. 18, 
90), Hei 4-439020 (26.8.92; Priority 3-1 1665 JP/ Jan. 9. 91) and Kokai Hei 4-239510 
(27.8.92; Priority 3-2261 1/ Jan. 24, 1991) by Fuji Photo Film Co. propose poly- 
p}Trole with improved conductivity as compared with polyp)TTole or polyihiophene, 
characterized by providing at the 3- and 4-posiiions of the repealing unit with carbonyl 
groups. 

Disulfide compounds are also drawing attention recently as alternative electro active 
substance with a large charge storage capacity. For the practical use of disulfide 
compounds, they are dispersed in a form of solid panicles on substrate or in conducting 
matrix. In addition, disulfide compounds are insulators and therefore only the surface 
of the particle is accessible for electron transfer reactions. 
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The disulfide compounds, as shown below, have been proposed as electro active 

substances by taking advantage of their redox potentials by SJ. Visco et al [MoL 

Cryst. Liq., Cryst. pp. 185. 1990; J. Elecirochem, Soc. Vol 135 (12), 2905 (1988); 

ibid.. Vol. 136 (3), 661 (1989)]. In addition, polymers derived from disulfide 

compounds are proposed by Visco ci al [ J. Elec, CSiem. Soc, Vol. 139 (7). 1 808 * 

(1992); ibid.. Vol. 138 a\ 1896 (1991)]. 




wherein n represents an integer of 2 or more. 
The proposed polymers by Visco et al. consist of -S-S- bonds in the polymer main 
chain for the repeating unit for polymers, as shown in above. 

Cyclic disulfide compounds and polymers thereof are also proposed as a conductive 
polymer material in Japanese patent Kokai Hd 4-155766 (28.5.92; Priority Hei 2- 
280455 JP/ 18.10.90). 

The present invention is a new concept in linking disulfide groups to a potentially 
conducting polymer sj'stems and improve this way the accessabiliiy to additional charge 
storage sites. 

The present invention relates to novel sulfur-containing compounds, a method for 
preparation of the same, an electroconductive polymer derived therefrom, a method for 
preparation of the same, and an electro active substance comprising the same. 

The compound of the present invention is represented by the following formula: 
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wherein Y represents NH or S; A represents hydrogen, a halogen atom or -(€1^2)111- 
SRl; and B represents -(CH2)n-SR2 .R3.(S)p.R4. , -R5.SR6. -(S)q- or 

-SR7, 

where R^ R^, R^ and R*^ each represent hydrogen, an alkyl group, an 
alkylcarbonyl group or an aryl group; R3. R4 and R5 each represent an alkylene 
group or an arylene group; m and n each independendy represent an integer of 
0, 1, 2 or 3, provided that m and n are not 0 simultaneously; p and q each 
independently represent an integer of 0, 1 or 2; and Y' represents NH or S; 
and A and B may be combined to form -(CH2)m-S-S-(CH2)n-- 

More specifically, the compounds of invention are represented by the general formulae 
[1] and [2] mentioned below: 



[1] . . 12] 





wherein A and B each have the same meanings as defined above. 

More concrete examples of the compounds of the present invention are represented by 
the formulae [3] - [9): 

[3] 




wherein R'' represents hydrogen, an alkyl group, an alkylcarbonyl group or an 
zry\ group; and Y represents an imino group or sulfur atom; 

ri 
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wherein represents an alkylene group or an arylene group; represents 
hydrogen, an alkyl group or an aryl group; and Y represents an imino group or 
sulfur; 




wherein Y represents an imino group or sulfur; and R2 represents hydrogen, an 
alkyl group, an alkylcarbonyl group or an aiyl group; 



(H2C)m {CH2)n 




wherein Y represents an imino group or sulfur; Rl and R^ each represent 
hydrogen, an alkyl group, an alkylcarbonyl group or an arj'l group; and m and 
n each represent an integer of 0, 1 , 2 or 3 provided that m and n arc not 0, 
simultaneously; 

[7] 




wherein Y represents an imino group or sulfur; and m and n each represeni an 
integer of 0. 1 , 2 or 3 provided that m and n are noi 0, simuhaneously; 
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[8] 




(S)q 



wherein Y and Y* each represent an ixnino group or sulfur; and q represents an 
integer of 1 or 2; and 



wherein A represents hydrogen or a halogen atom; Y and Y' each represent an 
imino group or sulfur, and each represent an alkylene group or an arylene 
group; and p represents an integer of 1 or 2. 

Fig. 1 shows a curve of the current (^lA) vs. potential (mV) of a polymer obtained in 
Example 10. 

The present invention will be described in detail below. 

An alkyl group is preferably those having 1 to 6 carbon atoms, more preferably 1 to 3 
carbon atoms such as methyl, ethyl and propyl. An alkylcarbonyl group is preferably 
those having 2 to 7 carbon atoms, more preferably 2 to 4 carbon atoms, panicularly 
preferably acetyl. An aryl group is preferably phenyl or naphihyl which may be 
substituted, more preferably phenyl. 

An alkylene group is preferably those having 1 to 6 carbon atoms, more preferably 1 to 
3 carbon atoms such as methylene, ethylene and propylene. An an'lene group is pre- 
ferably a phenylene group or a naphthylene group, more preferably a phenylene group. 

The sulfur-containing compound of the present invention can be synihetized by sianing 
from N-triisopropyl silyl-pyrrole or 3,4 -dimethyl thiophcne generally explained as 
follows: 
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a) Method for preparation of the compound represented by the following fonnula (6): 




(6) 



wherein m and n each represent an integer of 0, 1. 2 or 3, provided that m and n 

are not 0. simultaneously, 
can be carried out by reacting a starting compound represented by the following 
formula: 



I 

TIPS 

wherein TIPS represents uiisoprt^ylsilyl, and m and n have the same meanings 
as defined above, 

with a thiolating agent such as NaSH in an organic solvent such as dimeihylformamide 
PMF) at a temperature of below 0 'C to room temperature for 0.5 to 5 hours to obtain 
a compound represented by the following fonnula: 

(H2C)^CH2)n— SH 

ti 

I 

TIPS 



wherein m and n have the same meanings as defined above, 
followed by conversion of said compound lo the objective compound of the above 
formula (6) in the presence of Ellman's reagent in an aqueous organic solvent such as 
methanol, ethanol and so on at a temperature of below 0 'C to room temperature for 0.5 
to 5 hours. 
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b) Method for preparation of the compound represcnied by the above formula (6) can 
be also effected by conducting the reactions in the following Schemes (1) - (5): 

Scheme (1) 

p* Hat 

Halogcnalion v / 

in ■ o 

Ij CH2CI2 tj 

TIPS TIPS 
Compound (1) Compound (2) 

wherein TIPS represents triisopropylsily; R' represent hydrogen or a halogen 
atom; and Hal represents a halogen atom. 



Scheme (2) 



1) BuLi R" /CH2)n'Hal 

2) Haloalkylaiion ^ ^ 



THF N 
I 

TIPS 
Compound (3) 

wherein R" represents a halogen atom or -(CH2)m'Hal; and m and n each 
represent an integer of 0, 1, 2 or 3, provided that m and n are not 0, 
simultaneously. 



Scheme (3) 



AcSK 



DMF 



/(CH2)n-SAc 



I 

TIPS 



Compound (4) 

wherein R'" represents a halogen atom or -(CH2)m-S Ac; and Ac represents 
aceivl. 



Scheme (4) 



EtOH 



N 

I 

TIPS 



Compound (5) 
wherein R"" represents a halogen atom or -(CH2)ra-SH. 



1) l-BuLi/S S— S 



2)BU4NF/THF (H^cLJCHa^ 



Ellcman's rcagcni 

H 



Compound (6) 



Namely, the reaction of Scheme (1) is carried out by subjecting the starting compound 
(I) to halogenation reaction in the presence of a halogenadng agent such as N-bromo- 
succinimide (NBS) in an organic solvent such as tetrahydrofuran (THF), dichloro- 
methane and so on in an innert atmosphere such as N2, Ar, etc., at a temperature below 
0 •C to obtain a halogenaied compound (2). 

The reaction of Scheme (2) is carried out by reacting a haloalkylation agent such as 13- 
dibromopropane in ilie presence of a catalyst such as buiyl lithium in an organic solvent 
such as THF, dimethoxvethane (DME), ether, dichloromethane and so on in an innert 
atmosphere such as N2, Ar, etc., at a temperature below 0 *C to obtain a haloalkylated 
compound (3). 

The reaction of Scheme (3) is carried out by using a ihiolaiing agent such as potassium 
thioacetaie in an organic solvent such as THF, DMF, dichloromethane and so on in an 
innert atmosphere such as N2» Ar, etc., at a lemperaiurc of below 0 'C to room tem- 
perature to obtain a thiolated compound (4). 

Tlie reaction of Scheme (4) is carried out by reduing the resulting compound (4) in the 
presence of a reducing agent such as sodium borohydride in an organic solvent such as 
ethanol and so on in an innen atmosphere such as N2» Ar, etc., at a temperature of 
below 0 *C to room temperature to obtain a thiol compound (5). 
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The reaction of Scheme (5) is carried out by using a dithiol compound as a starting 
material to cyclize the dithiol poaion. Thai is, the dithiol compound is treated by ten- 
butyl liiliium and sulfur powder in an organic solvent such as THF, DME and so on in 
an innen atmosphere such as N2, Ar, etc., at a temperature below 0 and then treated 
by BU4NF in an organic solvent such as methanol, cihanol and so on at the same tem- 
perature. Then, the thus treated compound is treated with ihc Ellman's reagent at a pH 
of about 7 at a temperature of below 0 'C 10 room temperature for 0.2 to 5 hours to 
obtain the desired compound (6). 

c) Method for preparation of the compound represented by the general formula (5)': 

A, (CH2)— SR2 
n 

(5y 




wherein A represents hydrogen or -(CH2)m-SR'; and each represent 
hydrogen, an alkyl group or an aryl group; and m and n each represent an 
integer of 0, 1, 2 or 3, 

can be carried out by halogenating the starting compound represented by the following 

formula (1): 



o 



/ (1) 

TIPS 

wherein TIPS has the same meaning as above, 
by the method, for example, as described in T.T. Tidwell et al., J. Org, Chem.^ 55, 
6317 (1990) to obtain an intcmiediaie represented by the following formula (2): 



(2) 



where K represents hydrogen or a halogen atom, and Hal has the same 
meaning as above, 

followed by lithiation and haloalkylation in the same manner as mentioned in the above 
Scheme (2) to obtain the compound represented by the following formula (3): 
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(CHa)— Hal 
n 



(3) 



wherein R" represents hydrogen or -(CH2)n"halogen, 
then converting (3) by thiolation in the same manner as mentioned in the above Scheme 
(3) to the thioester represented by the following formula (4): 




(CHg)— SAc 
n 



(4) 



TIPS 

wherein Ac represents acetyl group; and R'" represents hydrogen or -(CH2)n- 
SAc. 

and finally reducing (4) in the same n-xanner as mentioned in the above Scheme (4) and 
deproiecting the reduced compound in a conventionally known manner to form the 
sulfur-containing pjTrole derivauves (5)\ 

d) Method for preparation of the compound represented by the following formula (9): 

// w ' . 

wherein n represents an integer of 0, 1 , 2 or 3, 
can be carried out by halogenaiing compound (1) lo obtain iniermediate (7), lithiation of 
(7), followed by reaction with sulfur to give (8A) or by alkylalion, reaction with 
NaSH, conversion to disulfide (8B). and finally deproieciion of (8A) and (8B) to form 
Compound (9), as mentioned by the following Schemes (6). (7A), (7B) and (8): 




Scheme (6) 



Hal 



OHalogenation 
// W 

•j NBS/THF I 

TIPS TIPS 
Compound (1 ) Compound (7) 

wherein TIPS and Hal have the same meaning as above, 

1) Liihiation 

2) S 




2 



Compound (8A) 
(CHa)— S- 



1) Lithiaiion / n — ^ ^ 

2) Haloalkylati on j [J \ 



3) NaSH 



I 

TIPS / 2 

Compound (8B) 
wherein n represents 1, 2 or 3, 



Scheme (8) 

Deproiection 




Bu^NF/THF 

' 2 

Compound (9) 

wherein n represents 1, 2 or 3. 



Namely, ihe reacuon of Scheme (6) can be carried out by subjecting the TIPS -protected 
pyrrol lo halogenaiion reaction in the same manner as in Scheme (1) as mentioned 
above lo obtain Compound (7). 
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The reaction of Scheme (7 A) can be carried out by subjecting the resulting Compound 
(7) to liihiation in the presence of butyl lithium with sulfur powder in an organic solvent 
such as THF, DME and so on at a temperature of below 0 'C to room temperature in an 
innert atmosphere for 0.5 to 5 hours to obtain Compound (8 A). 

The reaction of Scheme (7B) can be carried out by subjecting the resulting Compound 
(8A) to lithiation in the same manner as in Scheme (7 A) and then subjecung to 
haloalkylation in the same manner as in Scheme (2) as mentioned above to obtain 
Compound (SB). 

Then, the resulting compound (8B) is subjected to deproiecuon in the presence of 
BU4NF in an organic solvent such as THF, DMF and so on at a temperature ofbelow 0 
'C to room temperature for 0.2 to 5 hours to obtain Compound (9). 

e) Method for preparation of the compound represented by the following fonnula : 



wherein A represents hydrogen, an alkyl group, an alkylcarboxyl group or an 
aryl group, 

can be carried out by using Ellmann's reagent to convert a thiol intermediate represented 
by the following formula: 




H 



A 




SR 



H 



wherein A and R have the same meanings as defined above, 
to the objective disulfide compound. The reaction conditions are substantially the same 
as the laiter reaction of Scheme (5). 



0 Method for preparation of the compound represented by the following formula: 
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A' CHgSR 

wherein A' represents hydrogen, SR^ or -(CH2)ni-SR2: and R represents 
hydrogen, an alkyl group or an aryl group, 

can be caiiied out by reacting a staning compound represented by the following 
formula: 

• b 

N 

TIPS 

wherein A' and TIPS have the same meanings as above, 

with the Eschenmoser's salt, CH2=N+(CH3)2l' at a temperature of an ambient tem- 
perature in an organic solvent such as THF, DMF, methyl cyanide (CH3CN) and so on 
under an inert gas stream such as N2, Ar and so on for 0.2 to 10 hours, and then with 
methyl iodide (Mel) at a temperature below 0 to room temperature in an organic 
solvent such as THF, ether and so on under an inert gas stream such as N2t Ar and so 
on for 0,2 to 10 hours to give an intermediate represented by the following formula: 



I 




I 



TIPS 

and reacting the resuhing salt with Na SR or KSR where R has the same meaning as 
defined above in an organic solvent such as THF, DMF and so on at a temperature 
below 0 'C under an inert atmosphere such as N2» Ar and so on for 0.2 to 10 hours to 
obtain the above objective compound. 

g) Method for preparation of the compound represented by the following formula: 
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N N 
H H 

wherein A represents hydrogen, a halogen atom or-(CH2)m"SR^ and m 

represents an integer of 1, 2 or 3, 



can be carried out by converting an inicmiediaic (10)* represented by the following 
formula: 



(CH2)m-N*- 



// w 



(loy 



N 
TIPS 



wherein A and TIPS have the sanie meanings as defined above, 
in the presence of an alkali metal sulfide such as Na2S in an organic solvent such as 
DMF at a temperature of below 0 *C to room temperature under an inen atmosphere 
such as N2, Ar and so on for 0.2 to 10 hours to obtain the above objective compound. 

h) Method for preparation of the compound represented by the following formula (14): 
S— S 

(14) 




characterized by conducting the reaction in accordance with the following Schemes (9), 
(10), (11) and (12): 



Scheme (9) 

H3C CH3 Hal— N /-Hal 

\ / Halogenaiion \ ( 

— - r\ 



S 

Compound (10) Compound (1 1) 

wherein Hal represents a halogen atom, 



-15- 



SchemeflO^ 



AcSZ 




Compound (12) 

wherein Ac represents an aceQ^l group; and Z represents an alkali metal, 
Scheme (11) 



NaOCH3 




Compound (13) 

wherein Z has the same meaning as defined above, 
Scheme (12) 



Elleman's reagent 




Compound (14) 

Namely, in the reaction of Scheme (9). the sianing compound (10) is halogenaied by 
using a halogenaiing agent such as NBS (N-bromosuccinimide) in the presence of 
AIBN (azobisisobuiyroniirile) in an organic solvent such as benzene, THF and so on at 
a temperature of the boiling point of a solvent to be used or lower under an inert 
atmosphere such as N2, Ar and so on for 0.1 to 10 hours to obtain Compound (11). 

In the reaction of Scheme (10), Compound (1 1) is subjected to ihioesterification by 
using an alkali meial ihioacciaie such as potassium ihioaceiaie represented by the 
following fomiula: 

Z-S-Ac 

wherein Ac and Z have the same menaings as defined above, 
at a temperature of room temperature or lower in a solvent such as DMF, THF and so 
on under an inen atmosphere such as N21 Ar and so on for 0. 1 10 10 hours to obtain 
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Compound (12). 

In the reaction of Scheme (11). Compound (12) is subjected to deacylaiion by 
hydrolysis or reduction using, for example, an alkali metal alkoxide such as sodium 
methoxide in an alcoholic solvent such as methanol, ethanol and so on at a temperature 
of room temperature or lower under an inert atmosphere such as Ni. Ar and so on for 
0.1 to 10 hours to obtain Compound (13). 

In the reaction of Scheme (12), Compound (13) is converted by using EUman's reagent 
under substantially the same reaction conditions as in Scheme (5) mentioned above to 
obtain the objective disulfide compound (14). 



In the compounds of the present invention, preferred are as follows: 




21 22B 




32 

47 



Among them, pariicularly preferred are 3.4-bis.phenylsulfanylmeihyHH-pyrrole 
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(Compound 6a); eihanccarboihioic acid .S-(4-aceiylsulfanyImeihyl-lH-pyrrol-3- 
ylmethyl) ester (Compound 6b); 3,4-bis-eihylsulfanylmeihyl-lH-pyrTole (Compound 
6c); 2,7-dihydro-4H-5.6-dithia-2-aza-indenc (Compound 9); 2.6.7,8-teirahydro-4.5- 
dilhia.2-aza.azulene (Compound 15); lH,4H-thieno[3,4-d)[ia]dithiinc (Coumpound 
21); and bis(pyirole)disulfidc (Compound 22B). 

Thus prepared compounds of the present invention are per se promising as pharma- 
ceutical and agrochemicaJ intermediates, oil/water additives, vulcanizers for rubber, 
industrial biocides, etc. 

Moreover, the compounds arc susceptible to polymerization in chemical and 
electrochemical manners to provide electrically conductive substances. 

The method of polymerization can be selected from electrochemical manner and 
chemical manner depending on the structure of the monomers and cost The 
compounds represented by the general formulae [1] and [2], and optional mixtures 
thereof can be polymerized on an elecu-ode surfaces in organic solvents in the presence 
of supporting elecu^olytes. provided that K\ R^, R^. R^ and R^ are not 

aryl. Some examples for solvents are, but not limited to, organic solvents such as 
acetonitrile, DMF (dimethylfomiamide), dimethyl acetamide, DMSO (dimeihylsulf- 
oxide), formamide, dimethoxyethane, nitromethane, propylene carbonate* etc. or 
mixtures thereof. The supponing electrolytes are, for example but not limited to, salts 
of alkali metal cations such as Li+, Na+, and anions such as BF4-. AsF4% PFg-, C104% 
HSO4-, etc. and polyanions such as sulfated or sulfonated thermoplastic polymers. 
Preferred anode materials are, for example, metal elecn-odes such as Ti, Ni, Pi, Steel, 
etc. or ITO glass, and polymerization can be conducted at a current density of 0.5 - 20 
mA/cm^, or more preferably 1 - 5 mA/cm^. The products on the elecu*ode surfaces 
can be readily peeled off and purified by washing. 

Chemical oxidative polymerizaiion can be achieved in solvents mentioned before and 
water in the presence of oxidating agents composed of chloride, more generally halide 
and other oxidation stable anion (BF4% PFe", etc.) salts of Fe3+ aP+, Ru3+, Pc^+, 
Pd^+, etc., and peroxides such as H2O2. K2S2O8. etc. and organic oxidants, tetra- 
chlorobenzoquinone and the like. 

The polymer materials thus prepared can be used as antistatic ingredients for pohoner 
films, capacitors, sheet type heating elements. Especially, the polymer is promising as 
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an electro active substance for baucry uses because of its high redox efficiency per unit 
weight. 

The following examples are presenicd for the purpose of illustration only and are not to 
be construed to limit the nature and scope of the present invention in any manner 
whatsoever. 



Example 1: Preparation of Pyrrole Intermediate 4 



o 



TIPS 
1 




60-85% 




wherein TIPS represents (iso-propyI)3Si. 



a) Alkylanon at the 3,4-positions 

The alk\'Iation at the 3,4-positions is preferably carried out in the manner as described 
inETH Thesis (1986) by Dr. Th. Frflh. and in //e/v. CA/m. /I cw. 70, 1115 (1987) 
by A. Eschenmoser ei ah 

N-Triisopropvlsilylpyrrole 1 (1-TIPS-Pynrole, 223 g, 0.1 mole) was dissolved in 
dried aceionitrile (150 ml). Then the Eschenmoser s sah (2. 38.8 g. 0.21 mole) was 
added ai room temperature, while stirring under N2. The reaction was carried out at 
room temperature for 30 min, 60 'C for 1 hour, refluxing for 3.5 hours. Then it 
cooled 10 room lemperaiure and the solvent was evaporated. The reaction mixture was 
redissolved in CH2CI2 (300 ml) and cooled with ice-baih. Cooled IN NaOH (150 ml) 
was added, stirring till the color changed 10 a light yellow. Then the organic phase was 
collected and washed with additional cold IN NaOH (150 ml) quickly, then with water 
and dried over K2CO3. Evaporation of the solvent gave the expected 3,4- 
dimethylaminomeihyl-l-TIPS-pyrrole 3 (32 g, crude yield: 95 9c). 

b) Meihylation with methyl iodide 

Tlie above obtained pyrrole 3 (6 g, 17:8 mmole) was dissolved in CH2CI2 (60 ml) and 
cooled with an ice-baih. A solution of methyl iodide (3.6 ml) in eiher (50 ml) was 
added within 20 min and the reaction was finished after about 10 hours snning. The 



-19- 



colorless solid salt was filtrated and washed with ether and dried. A colorless powder 
4 was obtained (10.2 g, 92 %). 

Physical properties of pyrrole 3 and the colorless powder 4 are as follows. 
3: Yellowish liquid 

NMR (CDCI3. 90 MHz): 8 6.684 (s. 2H), 3.413 (s, 4H), 2.286 (s, 12H). 

1.11.1.7(m, 21H). 

4: Colorless powder 

NMR (DMS0-d6, 90 MHz): 67.3 (s, 2H). 4.46 (s, 4H), 3.0 (s. 18H), 1.0-1.8 
(m. 21H). 

Example 2 : Substitution reaction of 4 with Alcohol or Thiols 
I ' 

N*-\ r-N* — RS — V /-SR 



wherein R represents phenyl, acetyl and ethyl in 6a, 6b and 6c respectively.; 
and TIPS has the same meaning as above. 

The corresponding thiol was dissolved in DMF and stirred with ice cooling. Then an 
equivalent IN KOH solution was added to generate the thiolaie. After stirring for about 
10 min, the solution of pyrrole salt 4 in DMF was added. Nitrogen was introduced in 
order to remove the trimetliylamine from the reaction. The reaction mixture was 
extracted with ethyl acetate or ether and column chromatographed on silica gel column. 
Compounds 6 could be obtained in moderate yield. 

Physical properties of the resulting compounds 6 are as follows. 



6a: Colored oil. yield: 85 % 

MS,m/e:311 (M+).202 

NMR (CDCI3. 90 MHz): 57.95 (br. IH), 7.1-7.5 (m. lOH). 6.62 (d. 
J=2.64Hz. 2H). 4.13 (S.4H).. 

UV (EtOH), Xmax (e) nm, 208 (2.2x104). 255.5 (1.44x104). 




TIPS 



4 



6 
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6b: Oil. yield: 30 % 

MS, m/e: 242 (M+), IR: 3400, 1680 (cm-1) 

NMR (CDQa, 90 MHz): S 8.0 (br, IH). 6.697 (d, J=2.64Hz, 2H), 4.032 (s. 
4H), 2.328 (s, 6H). 

UV (EiOH), Xinax (e) nm. 205.5 (1.24x104), 231.5 (1.28x10^). 

6c: Colorless liquid, yield: 60 9b 

NMR (CDQa, 90 MHz): S 8.0 (br, IH), 6.642 (d. J=2.64Hz. 2H), 3.375 (s. 
4H), 2.489 (q, J=7.47Hz, 4H), 1.245 (t, J=7.47Hz, 6H). 



Example 3 : Reaction with NaSH, ring closure to the disulfide 9 




4 8 

9 



a) Synthesis of the dithiol 8 

Sodium hydrogensulfide hydrate (NaSH-nHoO, 70 %, 94 mmole, 7.5 g), was sus- 
pended in DK4F (200 ml) at room temperature with nio-ogen bubbling. Then a solution 
of the pyrrole salt 4 (23.5 mmole. 14.6 g) in DMF (120 ml) was added during 10 min 
while stirring. After stirring at room temperature for 1 hour, the reaction mixture was 
extracted with ethyl acetate, dried over anhydrous sodium sulfate. Column chromato- 
graphy of the resulting mixture on silica gel with CH2CI2 as the eluent gave a liquid 
product (8, 2.2 g, 59 %). 

b) Conversion of 8 to the disulfide 9 

Ellmans reagent (10. 2.5 mmole, KO g). as described in W.J. Lee. J. Org. Chem., 
56, 7328(1991) was suspended in HoO (100 ml) and MeOH (5 ml). The pH of the 
mixture was adjusted to about 7 with saturated NaHCOs at room temperature with 
stilling. Then this solution was cooled with ice-water and a solution of the dithiol 8 
(1.6 mmole, 255 mg) in McOH (10 ml) was added within 5 min. After further stirring 
at room temperature for 30 min, the reaction mixture was extracted with ethyl acetate. 
Column chromatography on silica gel (hexane/CH2Cl2 = 1:1) gave the expected 
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disulfide 9 (176 mg, 70 %). 

Physical properties of the thiol 8 and the disulfide 9 are as follows. 
8: Oil 

MS (m/e): 159 (M+), 125, 93. 80 (base peak); 

NMR (CDCI3): S 8.0 (br, IH). 6.694 (d, J=2.64 Hz, 2H), 3.745 (d, J=6.81 
Hz, 4H), 1.827 (t. J=6.81 Hz, 2H). 
UV: Xmax (e). 206 nm (1.24x10^), 
IR (neat): 3400, 2930, 2550, 1430, 1082 (cm-1) 
9: Colorless solid 

MS (m/e): 157(M+),93; 
in.p. 95.5 'C 

NMR (CDCI3): 6 7.97 (br, IH). 6.597 (d. J=2.64Hz, 2H), 3.909 (s, 4H) 
IR (KBr): 1430. 1215, 1070. 800(cm-») 
UV: Xmax (e). 206.5 nm (0.958x10^) 
Elemental Analysis: C H N 



Calc. 45.83 4.49 8.91 (%) 
Found 45.97 4.33 8.50 



Example 4: 7-membered pyrrole disulfide 15 




Br 



1) BuU 

2) BrCHjCHjCHzBr 




Q 



THF, -780C 
40% 



TIPS 
1 



TIPS 



1 1 



TIPS 
1 2 




TIPS 



TIPS 



1 3 



-22- 



r HS 




TIPS 



SH 




2) (0,NHP-Sf^ 



1)Bu4NF/ THF, OoC 



5 




(26% from 14) 



a) Brominaiion of l-TIPS-pyno!c (1) 

The brominaiion was carried out in the manner as described in M. Muchowski, J. Org. 
Chem., 55, 6317(1990), However, instead of THF (icirahydrofuran), CH2CI2 which 
was found 10 be a good solvent for this dibrominaiion was used. Thus, 1-TIPS- 
pymole (1, 30 mmole, 6.7 g) was dissolved in CH2CI2 (100 ml) and cooled wfth 
meihanol-dr>' ice bath to -78 'C. Then NBS (N-bromosuccinimide) (20 mmole, 3.56 
g) was added with siiiring under N2- After 10 min, additional NBS (40 mmole, 3.56 x 
2) was added (addition of all the NBS in one portion is also possible). Stirring was 
continued at -78*C for 0.5-1 hour and then the cooling bath was removed. The reaction 
mixture was allowed to warm up gradually to room temperature, then poured into 
aqueous NaHCOs solution and was extracted with hexane (or dichloromethane). Usual 
workup gave crude solid product (1 1.3 g, 98 %). Recrystalizauon from cold pentane 
gave pure 3,4-dibromo-l-TIPS-pyiTole{ll) as a colorless solid. 

b) Lithiation and alkylaiion with 1,3-dibromopropane 

The 3,4-dibromopyrrole 11 (0.762 g. 2 mmole) was dissolved in THF (15 ml) and 
cooled to -78 'C BuLi(1.6M in hexane, 1.4 ml, 2.2 mmole) was added under N2. 
After stirring for 40 min, 1,3-dibromopropane (0.808 g, 4 mmole) was added. Stirring 
was continued at -78 'C for 2.5 hours. Then the cooling bath was removed and the 
reaction mixture was allowed to warm up to room temperature. Then water was added 
to quench the reaction. Extraction with ether gave a crude oil. Column chromatography 
on silica gel elunng with hexane gave the expected product 12 (0.34 g, 40 %) as a 
colorless liquid. 

c) Synthesis of the thio esier 13 

Potassium thioaceiate (2.28 g, 20 mmole) was suspended in (50 ml) and cooled 
with ice bath under N2. Then a .solution of the pyrrole 12 (1.85 g. 4.4 mmole) in DMF 
(15 ml) was added thereto while stirring for 5 min. The cooling bath was removed 
after 30 min stirring at 0 *C Extraction with ether gave a mixture of liquid. Column 
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chromatography on silica gel (hexane/eihyl acetate = 5:1) gave the cxpecied 13 (1 g. 54 
%). 

d) Reduction to the thiol form 14 

Sodium borohydride (0,3 1 g, 8 mmole) was added to a solution of the starting thioestcr 
13 (1.0 g, 2.08 mmole) in EiOH (50 ml) at 0 under N2. Then he cooling bath was 
removed and the stirring was continued undl the reaction has finished (over 10 hours). 
The reaction mixture was extracted with ether and Column chromatography on silica gel 
with hexane/AcOEi (10 : 1) gave liquid product 14 (76-93%). 

e) Synthesis of diihiol and conversion to the disulfide 15 

Compound 14 (0.3 g, 0.68 mmole) was dissolved in THF (15 ml) and cooledno -78 
•C with dry ice-MeOH. t-BuLi (1.5 ml, 2.5 mmole, 1.7 M in pentane) was added 
under nitrogen. The reaction mixture was stirred for 1 hour at -78 'C. Then sulfur 
powder (38 mg, L2 mmole) was added. The cooling bath was removed after stirring 
for 1 hour and stirring was continued until it reached room temperature. Then aqueous 
acetic acid (1 N, 3 ml) was added. The reaction mixture was quickly extracted with 
ether. An oily product was obtained (200 mg). This crude thiol was redissolvcd into 
THF (10 ml) and cooled with ice-water bath under nitrogen. BU4NF (2 ml, 1 M in 
THF) was added. A green solution foimed. Then MeOH (5 ml) was added. 

The Ellman's reagent 10 (0.4 g) was suspended in MeOH-H20 (5/50 ml) and the pH 
of the solution was adjusted to about 7 by use of saturated NaHCOs- The resulting 
yellow solution was cooled with an ice-bath. Then the ihiolate solution prepared above 
was added. After stirring at 0 *C for 20 min. the reaction mixture was extracted with 
ether. Evaporation of the solvent and column chromatography on silica gel with 
hexane/AcOEi (3:1) gave pyirole disulfide as a colorless solid (IS, 30 mg, 25.6 %). 

Physical propcnies of the resulting products are as follows. 
12: Colorless oil; 

IH-NMR (CDCI3): 6 6.70 (m, IH). 6.53-6.54 (m, IH). 3.40 (i, J=6.6Hz, 
2H), 2.61 (t, J=7.2H2, 2H). 2.12 (m, 2H), 1.36-1.5 (m, 3H). 1.08 (d, 
J=7.47H2, 18H), 
13: Colorless oil; 

^H-NMR (CDCI3): 5 6.68 (d, J=2.4Hz, IH). 6.49 (d, J=2.4Hz, IH), 2.89 (i. 
J=7.1H2. 2H), 2.52 (t, J=7.47H2. 2H), 2.33 (s. 3H). 1.83-1.88 (m, 2H), 
1.31-1.40 (m, 3H), 1.09 (d. J=7.4Hz. 18H). 
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14: Colorless oil; 

JH-NMR (CDCI3): 56,69 (d. J=2.4Hz, IH). 6.48 (d, J=2,4Hz, IH), 2.51- 
2.57 (m. 4H). 1.87.1.91 (m, 2H), 1.34-1.44 (m. 4H). 1.08 (d, J=7.47Hz, 
18H). 
15: Colorless solid; 

JH-NMRCCDCIs ai 40 'C): 87.85 (br, IH), 6.85-6.87 (m, IH). 6.59-6.6 (m, 
IH). 3.18-3.21 (m. 2H). 2.81-2.84 (m. 2H). 1.95 (br. 2H). 
m.p. 87-89 •C; 

IR (KBr): 3367, 3112. 1543. 1432, 1398. 1068. 807. 555 (cm-1) 
MS: nVe 171 (M+). 

Elemental Analysis: C H N 

Calc. 49.09 5.30 8.18 (%) 
Found 49.22 5.19 8.17 



Example 5: Synthesis of thiophene-disulfide 21 



Br Br 




1) BuLi 

2) (CHjOgSOs 

EljO. .78»C 
63 % 



H,C CH 




AcSK, DMF 
52% 



16 



17 



18 



Acs — y r—SAc rJaOCHs/CHaOH 

// w 





H02C \ 



H2O-CH3OH. 66% 



S — S 




19 



20 



21 



a) Synthesis of 3,4-dimeihyhhiophene 17 

This compound was syniheiized according to a method as described in N. Janda ei al. 
Synthesis . 545(1972), 

b) Bromination 10 IS 

AIBN (0,33 g, 2 mmole) and 3,4-dimethylthiophene (3.36 g, 30 mmole) were dis- 
solved in benzene (20 ml) and heated to reflux. Then a mixture of NBS (10.7 g. 60 
mmole) and AIBN (0.33 g. 2 mmole) was added in ponion while maintaining at reflux 
temperature (10 min). The reaction mixture was then cooled with ice immediately after 
the addiuon and was poured into ice-water. Extraction with ether and usual workup 
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gave a solid product 18 (5:6 g, 69 %). The NMR of ihis compound is idcniical with 
that reponcd in V.Rcinhard Helmers, J. PrakL Chem., 314(2). 334 (1972). 

c) The ihio esier 19 

Potassium ihioacctaic (9.12 g, 80 mmolc) was dissolved in DMF (60 ml) and cooled 
with an ice bath. Then a solution of the above made dibromide 18 (5.6 g, 20.7 mmole) 
in DMF (20 ml) was added in 5 min under nim)gen. The ice bath was removed after 
the addition and the reaction mixture was stirred at room temperature for 1 hour. 
Extraction with ether and column chromatography of the resulting oil on silica gel with 
hexane/AcOEl (10:1 -> 8:1 -> 5:1) gave the expected 19 as an oil (2.8 g. 52 %). 

d) Conversion to the disulfide 21 

The thioacetaie 19 (0.26 g. 1 mmole) was dissolved in MeOH (10 ml) and cooled with 
ice-baih. Then NaOMe in MeOH (0,6 g, 28 % wt) was added with stirring under 
nitrogen. This reaction finished in 15 min to give the sodium ihiolate 20. This solu- 
tion was then passed into the ice-cooled solution of the EUman's reagent (10, 0.6 g, 
1.5 mmole) in MeOH-H20(5 ml/50 ml) with the pH adjusted to 7 by use of saturated 
NaHCOs. Stirring was continued for 30 min. Extraction with AcOEi gave a solid 
product (0.13 g). Column chromatography on silica gel with hexane/CHaCh (10:1) 
gave the expected disulfide 21 (1 15 mg, 66 %). 

19 : Colorless liquid; 

iH-NMR (CDCI3): 5 7.186 (s, 2H), 4.09 (5, 4H), 2.35 (s, 
6H). 

21: Colorless solid; m.p. 92-93 'C; 

MS . m/e: 174 (M+), 1 10 (base peak). 

IH-NMR (CDCI3): 5 7.04 (s, 2H), 4.05 (s, 4H). 

IR (KBr): 3078, 2898, 1363, 1230, 1144, 873. 802 (cnrl) 

Elemenial Analysis: C H 

Calc. 41.35 3.47 (%) 

Anal. 41.5 3.04 



Example 6 : Inicnnolecular pyrrole disulfide 22B 
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1 22 22A 22B 



a) Brominaiion of 1 

Bromination of 1-TIPS-pyrroIe 1 with NBS to I-TIPS-3-bromopym)le 22 was carried 
out in the manner as described in T,T, Tidwell et ah, 7, Org. Client., 55, 6317(1990). 

b) Synthesis of pyrrole disulfide 22B from 22 

The pynrole 22 (1.51 5 mmole) was dissolved in THF (40 ml) and cooled to -78 'C 
with dry ice-MeOH bath. i-BuLi (10 mmole, 5.9 ml, 1.9 M in pentane) was added in 5 
min under nitrogen. The reaction mixture was stirred at -78 for 2 hours. Then sul- 
fur powder (170 mg, 5.3 mmole) was added. The reaction was finished after stirring 
for 4 hours. The cooling bath was removed and the reaction mixture was allowed to 
warm-up to room temperature within 1 hour. Then the reaction mixture was poured 
into ice water and acidified with IN HCl (5 ml). Extraction with AcOEt gave a liquid 
product. Column cliromatograph)' on silica gel column with hexane/CH2Cl2 gave the 
disulfide 22A (0.5 g, 19.7 %), Deprotection with BU4NF (1 M THF solution) in THF 
at 0 'C gave the expected pyrrole disulfide 22B in 78 % yield. 

Physical properties of the resulting product are as follows. 
22B: Yellowish solid. 

iH-NMR (CDCI3): 5 8.3 (br, 2H), 6.89-6.91 (m. 2H), 6.77-6.79 (m, 2H), 

6.34-6.36 (m. 2H). 

MS,nVe: 196(M"*'), 1 32. 98(base peak). 

IR(KBr): 3388, 1510. 1400, 1075, 1040, 800 (cm-1) 

Elemental Analysis C H N 

Calc. 48.95 4.11 14.27 (%) 

Found 49.21 3.86 14.02 



Example 7 : Synthesis of iniermolecuhur disulfide 29 
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27 28 29 



a) Synthesis of pyrrole salt 27 

The Eshenmoser's sail (19,4 g. 105 mmole) was added into a solution of 1-TPS- 
pyrrole (22.3 g» 100 mmole) in CH3CN (300 ml) and the reaction mixture was stirred 
at room temperature under N2. After stirring at room temperature for 1 hour, 60 'C for 
1 hour, the solvent was evaporated. The reaction mixture was dissolved into CH2CI2 
and washed with cold IN KOH solution. Usual workup gave a crude oil. This oil was 
again dissolved inio ether (300 ml) and cooled with ice. Then a solution of McI (9 ml) 
in ether (200 ml) was added in 10 min. The reaction mixture was stirred at 0 'C for 1 
hour, then ice baih was removed and stirring was continued for additional 3 hours at 
room lemperaiure filtration and washing with ether gave colorless solid product 27 
(30 J g. 72 %). 

b) Synthesis of thiol 28 

Sodium hydrogensulfide (NaSH-nH20, 70 %, 1.6 g, 20 mmole) was suspended in 
DMF (50 ml) under N2 and cooled 10 -20 'Q Then a solunon of pyrrole 27 (4.21 g, 
10 mmole) in DN4F (40 ml) was added in 30 min wiih nitrogen bubbling. The reaction 
mixture was stirred at -20 *C (30 min), room temperature (1.5 hours), and then 
extracted with AcOEt. A crude liquid (1.2 g) was obtained. Column chromatography 
on silica gel with CH2CI2 gave the expected thiol 28 (0.64 g, 57 %). 

c) Conversion to the disulfide 29 

The Ellman's reagent 10 (1.31 g, 3.3 mmole) was suspended in MeOH-H20 (5 
ml/100 ml) and cooled with ice bath. The pH of the solution was adjusted to 7 with 
sat. NaHCO}. Then a solution of the thiol 28 (0.45 g, 4 mmole) in MeOH (30 ml) 
was added in 20 min under N2. After stirring for 15 min, the reaction mixture was 
extracted with AcOEi. Workup gave an oil. Column chromatography on silica gel with 
CH2CI2 gave the disulfide 29 (0.24g, 54%). 

Physical propenies are as follows. 
27: Colorless solid; 
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NMR(DMS0-d6), 6 7.1 (s, IH), 6.94 (m, IH). 6.4 (m, IH), 4.35 (s, 2H), 

2.95 (s, 9H), 1.3-1.6 (m, 3H), 1.08 (d. J=7.4 Hz, 18H) 
28: Colorless liquid; 

NMR(CDCl3). 5 8.1 (br. IH), 6.73 (m. 2H), 6.22 (m. IH), 3.71 (d, J=7,04 

Hz. 2H). 1.75 (I. J=7.04 Hz. IH) 

MS.m/e: 113 (M+) 
29: Colored solid; 

NMR(CDCl3). 6 8.1 (br, 2H), 6.74 (m, 4H). 6.2 (in, 2H), 3.74 (s, 4H). 

MS, m/e: 224(M+), 174 



Example R : Synthesis of pyrrole disulfide 32 




a) Alkylation to 31 

The 3-bromo-l-TIPS-pyrrole (22. 3.02 g. 10 mmole) was dissolved in THF (50 nil) 
under No with stirring at -78 'C. BuLi (13 ml, 20.8 mmole, 1.6 M in pentane) was 
added and the stirring was continued at -78 *C for 4 hours. Then 1,3-dibromopropane 
(6.06 g, 30 mmole) was added. The reaction mixture was stirred until the bath reached 
to room temperature (14 hours). Water was added to quench the reaction. Extraction 
with AcOEi gave a liquid mixture (30 and 1,3-dibromopropane). Deprotection of this 
product wiih Bu^KF in THF at 0 'C gave crude pyrrole 31 . Column chromatography 
on silica gel with CHoCh gave 31 as a liquid (1 g, 53 

b) Reaction of 31 with NaSH 

The sianing pyrrole 31 (1 .2 g, 6.3 mmole) in MeOH (1 0 ml) was added to a solution 
of NaSH-nH20 (70 9c, 1 . 1 g, 1 3 mmole) in MeOH (50 ml) at room temperature under 
N2. After siirring a: room lemperaiure for 30 hours, the reaciion mixiure was extracted 
wiih AcOEi. The resuliing crude liquid was purified by column chromatography on 
silica gel wiih CH2C12 to give the expected disulfide 32 (0.5 g. 56 %). 
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Physical properties are as follows. 
31 : Colorless oil; 

NMR (CDCl3):5 8.0 (br, IH), 6.5-6.9 (m. 2H). 6.08 (s, IH). 3,435 (t. J^6.6 
Hz, 2H), 2.662 (t. 2H), 1.95-2.3 (m, 2H), 
32: Colorless oil. 

NMR(CDCl3):8 8.0 (br, 2H), 6.5-6,8 (m, 4H), 6.0-6.2 (m, 2H), 2.4-2.8 (m, 

8H). 1.8-2.2 (m. 2H). 

MS. m/e: 280 (M+), 140, 80 (base peak) 

IR(neat): 3405, 2930, 2850. 1431. 1065, 780 (cm-1) 

Example 9 : Synthesis of Pyrrole-sulfide 47 




46 47 



a) Synthesis of pyrrole 46 

The staning 3,4-dibromo-l-TlPS-pyrrole II (15.24 g, 40 mmole) was dissolved in 
THF (200 ml) and cooled to -78 under nitrogen. A solution of t-BuLi (49.4 ml, 84 
mmole, 1.7M peniane solution) was added while stirring in 15 min. The reaction 
mixture was stirred at -78 *C for 1 hour. Then the Eschenmosef s salt 2 (7.8 g, 42 
mmole) was added in portion. Tlie reaction mixture was stirred overnight while 
allowing ihe cooling bath to wami up gradually to room lemperaiure Extraction with 
CH2CI2, dried over K2CO3 gave crude 45 as a liquid. 

The above obtained crude product was dissolved in EioO (200 ml) and cooled with ice 
bath. Then a solution of CH3I (4 ml. 63 mmole) in E12O (50 ml) was added in 30 min. 
The reaction mixture was stirred overnight and the colorless precipitate was collected , 
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washed wiih E12O gave pyrrole mono-salt (46, 14.9 g, 70 %). 
b) Reaction of pjorole mono-salt 46 with Na2S 

The pyrrole mono-salt 46 (1 g, 2 mmole) was dissolved in DMF (15 ml) and cooled to 
0 under nitrogen. Then Na2S-9H20 (1 mmole, 24 1 mg) was added. After stirring 
at 0 for 5 hours, the reaction mixture was extracted with EtiO. Workup and column 
chromatography on silica-gel (hcxane/AcOEi= l:l)gavcpyrrole-sulfude47asa 
colorless solid (220 mg, 62 %). 

Physical properties are as follows. 

46: NMR (CDCI3): 5 7.34 (d, J=2.3 Hz. IH), 6.83 (d, J=2.3 Hz. IH). 4.68 (s, 2H). 

3.38 (s, 9H), 1.56 (m, 3H). 1.1 (d, J=7.49H2. 18H). 
47: NMR(CDCl3): d8.14(br, IH). 6.7-6.8(m. 4H), 3.58(s. 4H). 

Example 10: Chemical polymerization of disulfide 9 

Disulfide 9 which was synthetized in Example 3 was chemically poljTOerized, 2.03 g 
of feme chloride dissolved in aceionitrile was dropped onto a 40 ml acetonitrile solution 
to which 0.365 g (2.5 mmole) of disulfide 9 was dissolved while stirring, and then 
siiiring was continued for 3 hours to obtain black colored precipitates. The precipitates 
were centrifugally isolated, washed with ion-exchanged water and then dried at 50 'C 
under vacuum 10 obtain powder)' product. Tht product is identified with a polymer 
having the following repeating unit: 




The products are shaped into pellets to determine electro-conductivity by Van der Pauw 
Method 10 obtain 7x10'^ S/cm" \ This conductivity is much higher than the disulfide 
compounds proposed by Visco et al. mentioned above. 

Also, the electrochemical properties of the product was measured by three electrode 
cyclic voliammecr\' in a propylene carbonate solution containing 0.1 M of leiraethyl 
ammonium, by the use of silver wire as the pseudo reference electrode, and at 100 mV/ 
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s of potential scanning speed. The peaks of the oxidation potential and the reduction 
potential were respectively 503 mV and 37 1 mV to the pseudo reference electrode. 
Fig. 1 shows a curve of the current (^A) vs. potential (mV). 

Example 11 : Electro-chemical polymerization of disulfide 21 

Disulfide 21 which was syntheiized in Example 5 was electrochemically polymerized, 
0,02 g of disulfide 21 was dissolved into 10 ml of an acemitrile solution containing 10 
ml of 0.532 g of lithium perchlorate, and elecaochemically polymerized by using a 
platinum disc (area; 0.635 cm2) for working electrode, platinum coil as the counter 
electrode, and silver - silver chloride as the reference electrode to obtain black colored 
film of the surfaces of the working electrode. The film was identified as the polymer 
having the following structure: 



Example 12 : Electrochemical polymerization of pj'rrole disulfide 15 

Pyrrole disulfidelS synthesized according to Example 4 was polymerized electro- 
chemically and it's electrochemical propenies were determined in a similar manner to 
Example 11. The peak potentials of oxidation and reduction were respectively 813 mV 
and 661 mV. 

Example 1 3 : Elecn-ochemical polymerization of pyrrole disulfide 22B 

Pyrrole disulfide 22B synthesized in accordance with Example 6 was electrochemically 
polymerized and deiermined with respect lo electrochemical propenies in a similar 
manner to Example 1 1 , except for that propylene carbonate containing 0.5 M LiC104 
was used as the electrolyte. 

The peak potentials for oxidation and reduction were respectively 790 mV and 574 mV. 
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Claims: 

1, A sulfur-coniaining compound represented by ihc following fonnula 0): 




a) 



wherein Y represents NH or S; A represents hydrogen, a halogen atom or -(CH2)m- 
SRi; and B represents -(CH2)n-SR2 -R3.(S)p.R4- (j^ -RS-SR^. .(S)q. or 

-SR7, . 

where R^ R2, r6 and R7 each represent hydrogen, an alkyl group, an alkyl- 
carbon}'! group or an aryl group; R3, R^ and R^ each represent an alkylene 
group or an arylene group; m and n each independently represent an integer of 
0, 1, 2 or 3, provided thai m and n are not 0 simultaneously; p and q each 
independently represent an integer of 0. 1 or 2 and T represents NH or S; 
and A and B may be combined to form -(CH2)m-S-S-(CH2)n-. 

1. The sulfur containing compound according to Claim 1, wherein the compound is 
represented by the following fonnula [1] or [2]: 




wherein A and B each have the same meanings as defined in Claim 1. 

3. The sulfur containing compound according to Claim 2, wherein ihe compound is a 
compound selected from the group consisting of the following formulae [3] - [9]: 

Y 
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wherein R"? represents a hydrogen atom, an alkyl group or an aryl group; and Y 
represents an imino group or a sulfur atom; 

ri 



wherein R5 represents an alkylene group or an arylene group; represents a hydrogen 
atom, an alkyl group or an aryl group; and Y represenis.an imino group or a sulfur 
atom; 



CH2 — sr2 




wherein Y represents an imino group or a sulfur atom; and represents a hydrogen 
atom, an alkyl group or an aryl group; 

'1 r' 

(HaOn, (CH2)n 

ri 



wherein Y represents an imino group or a sulfur atom; R^ and R^ each represent a 
hydrogen atom, an alkyl group, an alkylcarbony) group or an aryl group; and m and n 
each represent an integer of 0, 1, 2 or 3 provided that m and n are not 0, 
simultaneously; 

(7] 
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wherein Y represents an imino group or a sulfur atom; and m and n each rcprcscni 
integer of 0, 1, 2 or 3 provided that m and n arc not 0, simultaneously; 



an 



18] 




wherein Y and Y' each represent an imino group or a sulfur atom; and q represents an 
integer of 1 or 2; and 



[9] 



R^— (S)p— R*, 





wherein A represents hydrogen or a halogen atom; Y and Y' each represent an imino 
group or a sulfur atom; r3 and each represent an alkylenc group or an aiylene 
group; and p represents an integer of 1 or 2. 



4. The sulfur containing compound according to Claim 3 wherein Rl, R2, r6 and R? 
each represent an alkyl group having 1 to 6 carbon atoms, an alkylcarbonyl group 
having 1 to 6 carbon atoms, a phenyl or naphthyl group; and R3. R^ and R5 each 
represent an alkylene group having 1 to 6 carbon atoms, a phenylene group or a 
naphthylene group. 

5. The sulfur containing compound according to Claim 3 wherein R', R2 r6 and R'' 
each represent an alkyl group having 1 to 3 carbon atoms, an alkylcarbonyl group 
having 1 to 3 carbon atoms, or a phenyl group; and R3, R- and R5 each represent a 
methylene, ethylene or propylene group. 

6. The sulfur containing compound according to Claim 3 wherein Rl, R2, r6 and R^ 
each represent ethyl, acetyl or phenyl; and R\ R- and R5 each represent methylene. 

7. A method for preparation of the compound represented by the following formula 
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(HzCU (CH2\, 

ft 

N 
H 

wherein m and n each represent an integer of 0, 1, 2 or 3, provided that m and n 

are not 0, siniultaneously, 
which comprises convening a thiol intermediate represented by the following formula 
(5): 

I 

TIPS 

wherein TIPS is triisopropylsilyl; R"" represents .(CH2)m-SH; and m and n 
have the same meanings as defined above, 
to the objective compound (6). 

8. The method according to Claim 7, wherein the reaction is conducted at a temperature 
below 0 *C in an organic solvent 

9, The method according to Claim 7, wherein said thiol intermediate is obtained from a 
pyrrole salt represented by the formula: 



// w 



N 

I 

TIPS 

I 

wherein TIPS is iriisopropylsislyl; R"" represents - (CH2)m--N*- ; and m and 

n each represent an integer of 0, 1 . 2 or 3, provided that m and n are not 0, 
simultaneouslv. 



10. The method according to Claim 7, wherein the thiol intermediaie of the formula (5) 
is obtained by the steps of: 
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(a) halogenaiing a compound represented by the formula (1): 

Q 

^ 0) 

TIPS 

wherein TIPS is ffiisopropylsilyl, 
to obtain an intermediate represented by the formula (2): 




a) 

TIPS 

wherein R' represents a halogen atom, Hal represents a halogen atom and TIPS 

has the same meaning as defined above, 
(b) followed by lithiating and alkylating the intennediate (2) to obtain a halogenated 
intermediate represented by the formula (3): 

(CH^— Hal 




N' (3) 
I 

TIPS 

wherein R" represents a halogen atom or .(CH2)m-Hal; m and n each represent 
an integer of 0, 1, 2 or 3 provided that m and n are not 0, simultaneously; and 
Hal and TIPS have the same meanings as defined above, 

(c) then convening the halogenated intermediate (3) to a thioester represented by the 

formula (4): 

(CHaHpSAc 




I 

TIPS 

wherein R"' represents a halogen atom or -(CH2)m-SAc; Ac is acetyl; and m, n, 

Hal and TIPS have the same meanings as defined above, 
(d) and finally followed by reducing the thioester (4) to form the thiol intermediate 
represented by the formula (5). 



11. The method according to Qaim 9, wherein the reaction step (a) is conducted in a 



-37. 



dichloromethane solvent 



12. The method according to Claim 9, wherein the reaction step (c) is conducted in the 
presence of potassium thioacetate. 



13. A method for preparation of the compound represented by the following fomiula 
(5)' 

A (CH2)— SR2 



N 
H 

wherein A represents hydrogen or -(CH2)m-SR'; and each repre§eni a 
hydrogen atom, an alkyl group or an aryl group; and m and n each represent an 
integer of 0, 1, 2 or 3 provided that m and n are not 0, simultaneously. 

whid) comprises reducing and dcprotcciing a thioester compound represented by the 

following formula (4): 

A (CH2)— SAC 

M " (4) 

N 
I 

TIPS 

wherein A has the same meaning as defined above; Ac is acetyl; TIPS is 
triisopropylsilyl; and n has the same meaning as defined above. 

14. The method according to Claim 12, wherein the thioester (4) is obtained by the 
steps of: 

(a) halogenaiing a sianing compound represented by the following formula (1): 



(1) 

TIPS 

wherein TIPS is criisopropylsilyl, 
10 obtain an intermediate represented by the following formula (2): 
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R' Hal 
I 

TIPS 



(2) 



where R' represents hydrogen or a halogen atom; Hal represents a halogen 
atom; and HPS has the same meaning as defined above, 

(b) followed by lithiaiing and, if necessary, alkylating the intermediate (2) to obtain a 
halogenated intermediate represented by the following fomfiula (3): 

R" (CH2)— Hal 

■ O " 

N 
I 

TIPS 

wherein R" represents hydrogen or -(CH2)n-halogen; Hal and TIPS have the 
same meaning as defined above; and n represents an integer of 0, 1, 2 or 3. 

(c) and finally followed by convening the halogenated intermediate (3) to the thioester 
(4). 

15. A method for preparation of the compound represented by the following formula: 
A, {CH2)— Sr2 



0" 

H 



wherein A represents hydrogen or-(CH2)m-SR^ and and R- each represent 

a hydrogen atom, an alkyl group or an ar>'l group, 
which comprises deproieciing a thiol iniermediaie represented by the following fomiula 
(6y: 

A (CH2)— SR2 

N 
I 

TIPS 
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wherein A and have the same meaning as above; and TIPS is 
triisopropylsilyl. 

16. The method according to Claim 14, wherein the thiol intemiediate (6)' is obtained 
by reducing a ihioester intermediate represented by the following formula (4): 

A (CH2)— SAC 

H " H) 

N 

I 

TIPS 

wherein A represents hydrogen or -(CH2)m-SR^ represents a hydrogen 
aiom, an alkyl group or an aryl group; Ac is acetyl; and TIPS is 
triisopropylsilyl. 

17. A method for preparation of the compound represented by the following formula 
(9): 

/ {CH2)— S- 

* (9) 



2 

wherein n represents an integer of 0, 1, 2 or 3, 
which comprises deproieciing a disulfide compound represented by the following 
fonnula (8A) or (8B): 




(8A) 




(CH2)— S- 
n 



(8B) 



2 

wherein TIPS is triisopropylsilyl; and n represents an integer of 1, 2 or 3. 
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18. The meihod according lo Claim 16, wherein the disulfiie (8A) or (SB) is obtained 
by the steps of: 

(a) halogenaiing a compound represented by the following formula (1): 




(1) 



TIPS 

wherein TIPS is iriisopropylsilyl, 
to obtain an itcrmediaie represented by the following formula (7): 



Hal 




(7) 



I 

TIPS 



wherein Hal represents a halogen atom, and TIPS has the same meaning as 
defined above, 

(b) and lithiaiing the intermediate (7), followed by reacuon with sulfur to obtain the 
disulfide (8A), or by alkylation, reaction with NaSH, and conversion to the disulfide 
(8B). 



19.. A meihod for preparation of the compound represented by the following formula: 




S— S 




wherein A represents a hydrogen atom, a halogen atom or -(CH2)m-SRl where 
Ri represents a hydrogen atom, an allcyl group or an ai>'l group; and m repre- 
sents an inieger of 0, 1 , 2 or 3, 

characterized by using Ellmann s reagent to convert a thiol intemiediatc represented by 

the following formula: 
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wherein R represcnis a hydrogen aiom, an alkyl group or an aryl group, 
to the objective compound. 

20, A method for preparation of the compound represented by the following formula 
A' CH2SR 



K 

wherein A' represents a hydrogen atom, SR^ or .(CH2)m-SR2 where R^ 
represents a hydrogen aiom. an alkyl group or an aryl group, R^ represents an 
alkyl group or an aryl group and m represents an integer of 1, 2 or 3; and R 
represents a hydrogen atom, an alkyl group or an aryl group, 
which comprises convening an intermediate represented by the following formula: 

I 

a; CH2-N*— 



N 
TIPS 

wherein A' has the same meaning as defined above; and TIPS is triisopropylsilyh 

21. The method according to Claim 19, wherein the iniermediaie is obtained by 
converting a compound represented by the following formula: 

A* 



o 



TIPS 

wherein A\ R^ R\ m and TIPS have the same meanings as defined in Claim 
19, 

in the presence of Eschenmoser's salt. 

22. A method for preparation of the compound represented by the following formula: 
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A (CH2,m-S-(CH2)„ 

0 ^ 



H 

wherein A represents a hydrogen atom, a halogen atom or -(CT2)m-SR^ and m 
and n each represent an integer of 1 , 2 or 3 provided that m and n are not 0, 
simultaneously, 

which comprises convening an intermediate represented by the following fonnula 

(loy: 



\ 



(10)' 
TIPS 

wherein A and m have the same meanings as defined above, and TIPS is 
triisopropylsi}yl. 

in the presence of an alkali metal sulfide to the objective compound. 

23. A method for preparation of the compound represented by the following formula 
(14): 

S— S. 

// \\ 

which comprises converting a compound represented by the following formula (13): 
2S — V / — SZ 

(13) 




wherein Z represenis an alkali meial, 
to the objective compound (14), 

24. The method according to Claim 22, wherein the compound (13) is obtained by the 
steps of: 

(a) halogenating a starting compound represented by the following formula (10): 
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in ihc presence of azoblsisobuiyroniirilc lo obtain a compound represented by the 
following formula (11): 




wherein Hal represents a halogen atom, 

(b) converting the compound (1 1) to a thiol ester represented by the following formula 
(12): 




wherein Ac represents an acetyl group, 

(c) and then convening the thiol ester (12) lo the compound (13) in the presence of an 
alkali meiaJ thioacetate represented by the following fomiula: 

Z-S-Ac J 
wherein Z represents an alkali metal; and Ac has the same meaning as defined | 
above. 

25. The method according to Claim 22, wherein the compound (13) is convened lo the 

objective compound (1 4) in the presence of EUman's reagent. ! 

26. An electroconduciive polymer prepiu-ed by polymerization of the compound 
represented by the formula (I) according to Claim 1. 

27. A method for preparation of electroconduciive polymers staning from the mono- 
mers according to Claim 1, wherein said polymers are prepared by polymerization of 

the compound represented by the formula (I), or optional mixtures thereof, provided | 

i 



i 
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thai Rl, Rl*. R2 r3 r4, r5. r6 and R? are not aryl. 



28. The method according to Claim 26, wherein the polymerization is an electro- 
chemical polymerization. 

29. The method according to Claim 27, wherein the electrochemical polymerization is 
conducted in an organic solvent in the presence of an alkali metal perchlorate. 

30. The method according to Claim 27, wherein the electrochemical polymerization is 
conducted at a current density of 0.5 - 20 mA/cm^ 

3 L The method according to Claim 26, wherein the polymerization is a chemical 
polymerization. 

3Z Use of the clectroconductive polymer according to Claim 25 for the manufacture of 
an electrode active substance for battery. 
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